Optically active poly(ester-imide)s (PEIs) containing upper rim calix [4] arene were prepared in good yield by polycondensation reactions of distal calix[4]arene diol with some optically active diacid chlorides. Pyromellitic dianhydride (3) was reacted with chiral amino acids (4a-4e) to obtain the resulting imide-acids (6a-6e). The compounds (6a-6e) were converted into the corresponding diacid chlorides (7a-7e). The polycondensation reactions of calixarene diol with optically active compounds 7a-7e were carried out by two methods: bulk polycondensation under microwave irradiation and solution polycondensation in a system of triethyl amine (TEA)/dichloromethane (CH 2 Cl 2 ). The optically active PEIs had good yield and moderate inherent viscosity ranging between 0.18-0.38 dL/g. The extraction ability measurements of PEIs towards alkali metal cations (Na 
Introduction
Amino acids are constituents of proteins, typical biological polymers, and not only biologically important but also useful as chiral auxiliaries and building blocks in organic synthesis [1, 2] . Amino acid-based synthetic polymers are expected to show biocompatibility and biodegradability similar to polypeptides [3, 4] . Chiral polymers including those bearing main-or side chain amino acid units are used widely in the pharmaceutical industry for enantio-selective separation of drugs. This is achieved mainly via the use of chiral polymers as the stationary phase in chromatography or electrophoresis. Apart from chiral separation, biocompatible amino acid containing polymers are used in drug delivery systems [5] .
The interest in calix [4] arene chemistry is rapidly increasing because its derivatives can form inclusion complexes with cations or with neutral molecules [6] . The parent p-tert-butyl calix [4] arene (1) contains two interesting substructures [7] . At lower rim four hydroxyl groups are present in very close proximity; these can be used for cation binding and transport [8, 9] . The upper rim contains hydrophobic cavity that is potentially able to complex neutral substrates.
Calix [4] arenes can undergo chemical modifications either by reaction at the hydroxyl groups (lower rim) or by replacement of the tert-butyl groups (upper rim) by the other substituents [10] . Modified Calix [4] arenes have been found to be extremely useful in host-guest chemistry due to their tendency to form complexes with metal cations and neutral molecules. Based on this property, specific ligands for analytical chemistry [11] , membranes [12] , decontaminating agents for waste water [13] , dendrimers and star polymers from calixarene core [14] have been prepared. Chemical modifications of Calix [4] arenes can also be exploited to keep macrocycle into a fixed conformation and at the same time to provide a special reactivity [15] . For instance the higher reactivity of one hydroxyl group with respect to the others is important for the construction of larger molecular assemblies such as functional polymers [16] . Thus polyacrylates [17] , polyamides [18] , and polysiloxanes [19] carrying calix [4] arenas derivatives as side group linked to the macromolecular chains have been described.
The introduction of suitably derivatized calixarene units in a polymer backbone can be a substantial advancement for the practical application of the intrinsic receptor properties of the macrocyclic system in a solid support. Calixarene containing polymers have been scarcely investigated. While some reports were dealing with the introduction of calixarene moieties as appendages of polymer chains [20] , others described the preparation of polymers containing calixarenes in the backbone [21] .
Poly(ester-imide)s (PEI)s posses desirable characteristics with the moieties of both polyimides and polyesters such as high thermal stability and good mechanical properties as well as easy processability [22] [23] [24] [25] [26] [27] .
In the last decades, many examples in the literature have reported the successful application of microwave (MW) energy leading to accelerated synthesis of different classes of organic compounds [28, 29] as well as macromolecules [30] .
Nowadays, the use of MWs to improve classic organic syntheses has become very popular because it very often leads to higher yields, high selective activation of compounds, shorter reaction times, as well as the promotion of a new reaction [31] .
Because of the importance of optically active polymers with amino acid moieties and calixarene based polymers, in this paper a new series of optically active PEIs were synthesized using an equimolar amount of calix [4] arene diol in a fixed cone conformation and optically active diacid chlorides 7a-7e by bulk polycondensation using microwave irradiation and solution polymerization in the presence of TEA as a catalyst and CH 2 Cl 2 as a solvent. It is worth noting that the retention of the cone conformation along the polymer chain has been reported to impart specific ionophoric properties to the calix [4] arene moieties towards alkali metal cations [32] .
These novel polymers containing calix [4] arene moieties in their backbone are useful in the development of artificial membranes for the selective extraction of alkali metal cations from aqueous media into organic solvents and chiral stationary phases for separation of chiral natural ionic materials.
Results and Discussion
The lower rim calix [4] arene diol (2) was designed as a suitably derivatized calix [4] arene existing in the fixed cone conformation owing to the extensive Oalkylation of the phenolic oxygens [33] . The different acidity of the phenolic hydroxyl groups is a well known special feature of calix [4] arenes [34] allowing the selective 1,3-derivatization at either the lower or upper rim (Scheme 1). (2) has been shown in Figures 1 and 2 . While some polymeric calixarene derivatives have been reported over the years, quite surprisingly there are very few examples of optically active polymers bearing the calixarene moiety. Given the high chemical, mechanical and thermal character of the imide groups along with biodegradability of amino acids and their biological properties we envisioned the introduction of imide moieties in distal calix [4] arenes diol (2) as an entry to a new class of optically active receptors for metal cations. Hence, condensation reactions of pyromellitic dianhydride (3) with two moles of optically active amino acids L-alanine (4a), L-phenyl alanine (4b), L-leucine (4c), Lisoleucine (4d) and L-methionine (4e) in acetic acid afforded the corresponding optically active imide-diacids 6a-6e (Scheme 2) in 81-96% isolated yields. FTIR spectrum of diacid (6b) has been shown in Figure 3 as an example.
Fig. 2.
1 H NMR spectrum (500 MHz) of calix [4] arene diol (2).
The symmetric diacids (6a-6e) were converted to the corresponding diacid chlorides (7a-7e) by reaction with thionyl chloride. The monomers (7a-7e) were purified by washing with n-hexane. For synthesis of N,N'-(pyromellitoyl)-bis-L-methionine diacid chloride (7e) less amount of thionyl chloride (5/1 molar ratio of thionyl chloride to diacid) was used and diluted with dry dichloromethane to perform the reflux under mild conditions. Chemical structure and purity of the optically active monomers (7a-7e) were proved using FTIR spectroscopy and melting point. FTIR spectrum of diacid chloride (7b) is shown in Fig. 3 and compared with the spectrum of diacid (6b).
PEIs (8a-9e) were synthesized by solution and bulk polycondensation reactions of an equimolar mixture of monomers (7a-7e) with calix diol (2) (Scheme 3). In first method the bulk polymerization of optically active monomers (7a-7e) and calix [4] arene diol (2) was carried out using microwave irradiation with a controlled time and temperature schedule. We used a Milestone microwave apparatus for polymerization reactions. The best conditions for this method was 5 min at rt-50 o C (1000 W), 5 min at 50-100 o C (1000 W) and 5 min at 100-110 o C (1000 W). The reaction was at constant power with varying temperature. With lower irradiation powers the polymers had low molecular weights, and at higher temperatures and times there were no longer polymer chain growth and decomposition of polymers occurred.
Tab. 1. Some physical properties of PEIs (8a-8e) prepared by method 1.
Monomer polymer Polymer code Yield (%) Also we investigated the solution polycondensation of monomers (7a-7e) and (2) as second method. Due to good solubility of both monomers in CH 2 Cl 2 we performed the reaction in this solvent in the presence of triethyl amine as a catalyst and acid scavenger. The solution of monomers (7a-7e) in dry CH 2 Cl 2 was added drop wise to a solution of calix [4] arene diol (2) in CH 2 Cl 2 in the presence of TEA and the reaction mixture was stirred for 30 min and refluxing conditions for 1 h. During refluxing the polymer was precipitated in the reaction mixture. It is interesting that these polymers were insoluble in CH 2 Cl 2 , CHCl 3 but soluble in polar aprotic solvents like DMF. The PEIs (9a-9e) obtained in the yields of 70-85% and inherent viscosities of 0.18-0.25 dL/g. The optical activity and molecular weight of these polymers were lower than method 1. Some physical properties of PEIs 9a-9e is shown in Table 3 . The solubility of all PEIs is shown in The 1 H NMR spectra of these PEIs showed typical signal patterns (two doublets) at 3.3 and 4.3 ppm, which were assigned to the equatorial and axial protons of the methylene bridges of the calix [4] arene residue adopting the cone conformation which was retained during the polymerization. Also the characteristic signals of four t-butyl groups in calix [4] arene moieties were appeared as two sharp peaks at 0.95 and 1.29 ppm in 1 H NMR spectra of all polymers which is an evidence for introduction of calix [4] arene moieties in the polymer chain.
The thermal properties of PEI (9c) o C which corresponded to T g and T m respectively. TGA and DSC thermogram of PEI (9c) is shown in Figure 6 . Fig. 7 . Complexation of the calix [4] arene derivative (in a fixed cone conformation) with alkali metal and silver cations.
Calix[n]arenes are well known to act as ligands or to host various species including small organic molecules, metal cations, and some anions. For example, compounds bearing four ether groups at lower rim showed good binding properties towards alkali metal cations but were inert towards alkaline earth metal ions, divalent and trivalent metal cations [36] [37] [38] . This binding selectivity was related both to the macrocycle ring size and its conformation. However a fine tuning of the cation binding was possible by varying the alkoxy groups at the lower rim [34] . The complexation of transition metals has been reported to be favored by the introduction of functional groups containing soft donor atoms such as nitrogen, sulfur, and phosporus [39] . Alkoxy lower rim substituted calix [4] arene derivatives have been shown to bind silver cations [36] . In this case, a cation-π interaction appeared to be operative [42] since the silver ion was bound in a sandwich-like manner between two opposite phenyl rings. Quite interestingly the partial-cone conformation of the macrocycle provided the best arrangement for the silver and potassium cation binding [36, 37, 41, 42] . Also it was reported that Ag + (and probably K + also) is bound to the upper rim through the interaction with one or two oxygens and two benzene rings in these conformers.
These cationic guests are selectively included in the cone cavity and the preorganization of benzene rings is indispensable to the appearance of the "cation-π interaction" (Fig. 7) [42] . The selective Ag + recognition is an important requisite for several technological and biomedical applications such as photographic materials and radioimmunotherapy [43] .
In this study we synthesized a diol derivative of p-tert-butyl calix[4]arene (2) and then we immobilized it through the imide and ester chain in the polymeric backbone to check the effectiveness of more than one calix [4] arene moiety together in a liquidliquid extraction system. We selected the PEIs 8a-8e for liquid-liquid extraction due to their good solubility in CHCl 3 . The extraction ability of calix [4] arene based PEIs 8a-8e towards metal cations was measured using the Cram picrate method in a two-phase solvent system (CHCl 3 -H 2 O) [44] . The extraction ability data of imide-ester containing calix [4] arene based polymers expressed as percentages of extraction from water to chloroform, are collected in Table 5 . First of all it has to be noticed that among the calix [4] arene based PEIs, polymers (8a), (8d) and (8e) exhibited high levels of extraction abilities towards cation Ag + . Hence these extraction abilities have to be ascribed to the complexation ability of the calixarene macrocycle along with ester and ether groups. On the other hand, the calix [4] arene based PEIs were good ionophores for Na + . ) but there was demonstrated no absorption ability towards these cations. Also all of the polymers and calix diol (2) had no extraction ability towards Cs + ion. This result showed that the binding ability of the compound (2) and PEIs is related to the macrocycle ring and metal ion size. The UV curves of PEIs for both initial picrate solutions and final solutions containing Ag + are demonstrated in Figure 8 .
Tab. 5. Cation percentage extraction values of calix diol (2) and
The advantage that can be foreseen with these polymers is their use as new materials for the extraction of alkali cations and silver ion in chiral natural media. On the other hand we can use these compounds both as ion selective polymers for ion separation and as chiral stationary phases for separation of enantiomers in chiral media. Also these polymers are superior to some sorbents such as polyelectrolytes due to their insolubility in water and their ability to use in aqueous ionic media.
Fig. 7. UV curves for initial and final aqueous solutions containing Ag
+ .
Conclusions
We have demonstrated that the macrocycles, such as calix [4] arene diol (2) can be polymerized with optically active imide containing diacid chlorides to give optically active PEIs. The main goal of this work is introducing optically active amino acid moiety in the calix [4] arene based polymer chain. Thus we combined the characteristics of ester-imide groups with extraction ability of calix [4] arene. In this design we achieved valuable results: optical activity, good solubility in solvents like chloroform and dichloromethane as well as good inherent viscosity and thermal stability. The different polymerization methods influenced the chemical and physical properties of the corresponding polymers. These PEIs are a new family of useful polymeric materials for ion exchange studies and separation of enantiomers in chiral media.
Experimental

Materials and methods
Pyromellitic dianhydride (3) and amino acids were from Merck Co. and used without further purification. Dichloromethane was dried over CaCl 2 . Reactions were monitored by TLC on silica gel. NaNO 3 , KNO 3 , CsNO 3 , and AgNO 3 were purchased from Merck and were used as received. p-Tert-butyl calix [4] arene (1) was prepared as described [8] .
Characterization IR spectra were recorded on a FT/IR-680 plus spectrophotometer using KBr pellets. Band intensities are assigned as weak (w), medium (m), and strong (s Monomer Synthesis -Synthesis of p-t-butyl calix [4] arene diol (distal cone) (2) A suspension of p-t-butyl calix [4] arene (5.0 g, 7.7 mmol), anhydrous K 2 CO 3 (1.2 g, 8.8 mmol) and benzyl bromide (1.8 ml, 15.4 mmol) in CH 3 CN (50 ml) was refluxed for 20 h. The solvent was removed under reduced pressure, the mixture was treated with CH 3 Cl (100 ml) and washed with 1N HCl (2×25 ml) and brine (25 ml). The organic layer was dried with MgSO 4 and evaporated under reduced pressure. The pale yellow solid was washed with cold CH 3 OH (100 ml) to give compound 2 as a white powder (4. -Synthesis of diacids (6a-6e): general procedure Into a 25-ml, round-bottomed flask 5.61 mmol of pyromellitic dianhydride (3), 11.2 mmol of amino acids (5a-5e), 15.0 ml of acetic acid and a stirring bar were placed. The mixture was stirred at room temperature overnight then was refluxed for 6 h. The solvent was removed under reduced pressure and 10 ml of cold concentrated HCl was added to the residue. A white precipitate was formed, filtered off, washed with a large amount of water and dried under vacuum at 100 °C to give compounds (6a-6e). Recrystallization from methanol/water gave pure crystals. -Solution polycondensation of monomers (7a-7e) and calix [4] arene diol (2) (Method 2): general procedure In a solution of diol (2) (0.2 mmol) in dry CH 2 Cl 2 (5 ml) in the presence of TEA (0.2 ml, 1.4 mmol) was added drop wise the solution of diacid chlorides (7a-7e) (0.2 mmol) in dry CH 2 Cl 2 (3 ml) at room temperature. The solution was stirred at room temperature for 30 min and then was refluxed for 1 h. During this time the polymer precipitates appeared. The solvent was reduced and methanol (20 ml) was added. The polymer powders (9a-9e) were filtered and washed with methanol (20 ml) and dried.
-Picrate extraction procedure Picrate extraction experiments were performed following the Cram procedure [44]. 5 ml of an aqueous solutions containing 2.5 × 10 -4 M of picric acid (2,4,6-trinitrophenol) and 10 -2 M of an alkali salt M + NO 3 , were added 5 ml of a 2.0 × 10 -3 M solution of calix [4] arene derivative polymers (8a-8e) in CHCl 3 . After vigorous stirring at room temperature for 20 h in a stoppered glass flask (10 ml), the picrate concentrations in the two solvents were spectrophotometrically monitored at 355 nm using a PerkinElmer Lambda 6 spectrophotometer equipped with integrating sphere. The salts used for the extraction, NaNO 3 , KNO 3 , CsNO 3 and AgNO 3 , were reagent grade. No detectable amounts of picrate anions were observed into the organic layer after the extraction without calix [4] arene based polymers. The percent sorption of ion (S %) has been calculated as 
where Ci and Ce are the initial and final concentration of metal picrates before and after sorption, respectively.
